. A) Growth curves (OD595) and bioluminescence activity (RLU/OD595) of wild-type and HtrA S234A strains. Strains DLA3 (PssbB-luc; green lines) and ADP309 (PssbB-luc, HtrA S234A ; black lines) were grown in C+Y medium at pHs 7.6 (top) and 7.3 (bottom). ADP309 shows a hypercompetent phenotype as described before (Stevens et al., 2011) . Average of 3 replicates and Standard Error of the Mean (SEM) are plotted. B) Growth curves (OD595) and bioluminescence activity (RLU/OD595) of the HtrA S234A strain in the presence of several antibiotics. Strain ADP309 (PssbB-luc, HtrA S234A ) was grown in C+Y medium at pH 7.25, where it is not naturally competent anymore (black lines). Antibiotics used: 10 µg/ml gentamicin (GEN), 28 µg/ml tobramycin (TOB), 28 µg/ml aztreonam (ATM) and 2 µg/ml clavulanic acid (CLA). All antibiotics tested were able to induce competence, suggesting that ATM and CLA induce competence by another mechanism, independent of HtrA. Average of 3 replicates and Standard Error of the Mean (SEM) are plotted. Related to Figures 1 and 2. Figure S3 . A) Representation of cell wall synthesis in Streptococcus pneumoniae. The first stage of peptidoglycan synthesis is the assembly of the pentapeptide precursor, executed by six enzymes (MurA-F). The second stage, which occurs on the intracellular part of the membrane, drives the synthesis of lipid II (MraY and MurG). Then, lipid II is flipped and exposed at the external part of the membrane, potentially by YtgP. The final stage occurs on the extracellular face of the membrane and involves the continuous transglycosylation and transpeptidation activities of the Penicillin-Binding Proteins (PBPs). B) Repression of genes involved in pentapeptide (murA-F), lipid II (murG and mraY) formation and PBPs by CRISPRi. No effect on competence was observed after depleting the individual genes with exception of pbp1a and pbp3. Detection of competence development was performed in C+Y medium at pH 7.5, permissive for natural competence. IPTG was added to the medium at the beginning, at different final concentrations (128 µM and 1 mM for murA; 4 µM and 8 µM for murB and murC; 8 µM and 16 µM for the other genes). Average of 3 replicates and Standard Error of the Mean (SEM) are plotted. Experiments were also reproduced at pH 7.3 (non-permissive) to confirm that the depletion of none of these genes causes an upregulation of competence (data not shown). Related to Figure 3 . Figure S4 . A) Natural competence in DLA3 (PssbB-luc) and ADP30 (PssbB-luc, pbp3::chl). To confirm that pbp3 is involved in competence development, we compared the natural competence activation of the wild-type (DLA3, triangles) with the pbp3 mutant (ADP30, dots). At pH 7.3, only the mutant was able to become competent (green), confirming the upregulation of this pathway in the absence of PBP3. In addition, competence is not further upregulated in the presence of aztreonam (ATM) or clavulanic acid (CLA) in the pbp3 mutant. Average of 3 replicates and Standard Error of the Mean (SEM) are plotted. B) Natural competence in DLA3 (PssbB-luc) and ADP21 (PssbB-luc, lytB::chl), in a range of three different pHs. In all the conditions, the lytB mutant strain showed an earlier development of competence. Even at pH 7.3, where the wild-type strain did not become competent, the lytB mutant showed bioluminescence activity, indicating competence activation. Depletion of pbp1a induces chain formation, contrary to the pbp2b depletion phenotype. The absence of lytB also resulted in an increase of chain length, while its overexpression restores normal chain length. Cell count for each condition: 2579, 2987, 4426, 7480, 1934, 1613, 1709, 5565 and 4012, respectively . *Statistically significantly longer chains than wild-type (mean comparison test, p<0.05). B) Phase-contrast images of the D39V strain grown until OD595nm 0.1 in presence of several beta-lactams. Cells were grown in C+Y acid medium (pH 6.8) until OD 0.1 (density at which cells become naturally competent in non-acidic conditions). Abbreviations: aztreonam (ATM), clavulanic acid (CLA), ampicillin (AMP), amoxicillin (AMX), cefotaxime (CTX), imipenem (IPM) and piperacillin (PIP). Only ATM and CLA induce chain formation. Scale: 6 µm. C) Multi-dose-checkerboard of sub-inhibitory concentrations of aztreonam and clavulanic acid. Values represent the first time point where the RLU value cells expressing luciferase from the ssbB promoter (strain DLA3) is ≥ 100 units in each condition. D) Overexpression of LytB restores the diplococci phenotype and behaves as the wild-type strain. Left, Microscopy of strain ADP43 (D39V, lytB::chl, prs1::lacI) in the absence (top) or presence of 100 µM IPTG (bottom) at OD595nm 0.1. Right, effect of ATM and CLA in DLA3 and ADP43, in the absence or in presence of 1 mM IPTG at the non-permissive pH 7.3. In the absence of IPTG in strain ADP43, as chains are already there, the presence of ATM and CLA cannot induce more chains, so competence is only slightly accelerated (occurs approximately 10 -20 minutes earlier than the strain without antibiotics). Furthermore, this strain is naturally hypercompetent, relative to the wild-type DLA3, which is not able to develop competence at this pH. However, the addition of IPTG in ADP43 restores the normal phenotype, and thereby, the strain behaves as DLA3: no competence activation in the control condition, and similar upregulation profiles by ATM and CLA due to the chaining-induced phenotype. Figure 5B ). On the first positive value at each dilution (indicated by the arrows), 100 nM of synthetic CSP1 was added to half of the remaining wells, and competence synchronization was tracked over time (purple line). The difference between presence or absence of CSP1 is shown in pink. This data suggests that in the presence of ATM, competence signal propagation is slower by reduced CSP in the extracellular pool. Average of 3 replicates and Standard Error of the Mean (SEM) are plotted. B) Lapse of time (minutes) between the first time point where competence was detected, and the value with > 60% of competence in the overall population (data from Figures 5B and panel A) . In the initial dilution (10 -2 ), there is barely a difference between control (green), presence of ATM (red) or lytB mutant (orange), because there was no time to induce chain formation. Actually, green and purple bars for initial inoculum density 10 -2 are missing as more than 60% of the cells were already competent in the first measurement. In contrast, in the other three initial dilutions, both ATM treatment and lytB deletion nearly doubled the time to synchronize 60% of the cells. The addition of exogenous 100 nM CSP1 in the ATM condition (purple), reduced the synchronization time again to levels comparable to the control (data from panel A). C) Addition of exogenous CSP1 in wild-type and lytB mutant cells at the population level. Cells were grown in C+Y at competence-permissive pH 7.6. After 60 minutes, the indicated concentration of CSP1 was added. The average of 3 replicates and Standard Error of the Mean (SEM) are plotted for each condition. D) Wildtype cells at the single-cell level. ADP249 (ssbB-gfp) was grown in the presence or absence of exogenously added CSP1. Cells were analyzed by flow cytometry every 10 minutes. A range of CSP1 concentrations was added at two different time points: at the beginning and after 90 minutes (black arrow). Related to Figure 5 . * Three independent replicates per condition were performed. Strains: DLA3 (D39V, bgaA::PssbB-luc, tetracycline resistance marker), MK134 (D39V, ssbB-luc, kanamycin resistance marker). Abbreviations: ATM = 28 µg/ml of aztreonam, CLA = 2 µg/ml of clavulanic acid. *ADP21 and ADP273 strains: to monitor the effect of chain formation on competence induction, the gene lytB, encoding Autolysin B, was replaced by the chloramphenicol resistance marker. The upstream region was amplified using primers ADP1/34 (GATGTGGTGAAAGCAGCTGTGGAAG) and ADP1/35+AscI (CGATGGCGCGCCTCCTCTGTTCTTATTTATTTTATTG), the downstream region with primers ADP1/36+NotI (CGATGCGGCCGCTACTATAAGTGAATATGATTTGAGTG) and ADP1/37 (GTGTAGAAACCGTCCTCAACCAAG), and the chloramphenicol resistance marker with sPG11+AscI (ACGTGGCGCGCCAGGAGGCATATCAAATGAAC) and sPG12+NotI (ACGTGCGGCCGCTTATAAAAGCCAGTCATTAG). All three fragments were digested with the proper restriction enzymes (AscI and/or NotI) and ligated together. The ΔlytB::chl fragment containing the chloramphenicol resistance marker flanked by the sequence up-and downstream of lytB was transformed into DLA3 resulting in ADP21 strain (ΔbgaA::PssbB-luc, ΔlytB::chl), and into ADP249 resulting in ADP273 strain (ΔbgaA::PssbBluc, PssbB-ssbB-gfp, ΔlytB::chl) . Transformants were selected on Columbia blood agar containing 4.5 μg/ml chloramphenicol. Correct deletion was verified by PCR and sequencing. ADP30 strain: to monitor the influence of PBP3 on competence, the related gene was replaced by the chloramphenicol resistance marker. The upstream region was amplified using primers ADP1/59 (GCCCTCAACTCAGCAGTATGG) and ADP1/60+AscI (CGATGGCGCGCCTTATCCAACTGATCCCTCCATTTC), the downstream region with primers ADP1/61+NotI (CGATGCGGCCGCGAGGTAACTCATGTTTCGTAG) and ADP1/62 (AAGCCTGCAATATGCAAGCGATCC), and the chloramphenicol resistance marker with sPG11+AscI (ACGTGGCGCGCCAGGAGGCATATCAAATGAAC) and sPG12+NotI (ACGTGCGGCCGCTTATAAAAGCCAGTCATTAG). All three fragments were digested with the proper restriction enzymes (AscI and/or NotI) and ligated. The Δpbp3::chl fragment containing the chloramphenicol resistance marker flanked by the sequence up-and downstream of pbp3 was transformed into DLA3 resulting in ADP30 strain (ΔbgaA::PssbB-luc, Δpbp3::chl). Transformants were selected on Columbia blood agar containing 4.5 μg/ml chloramphenicol. Correct deletion was verified by PCR and sequencing. ADP42 and ADP43 strains: to test whether the ectopic hyperexpression of LytB in the ΔlytB mutant restored the normal diplococcus phenotype and restored competence development to wild type, we created an inducible expression of LytB. The inducible system was created using BglFusion cloning (Sorg et al., 2015) . To amplify the lytB fragment, primers ADP1/71+BglII (ACGTAGATCTAGAGGAAGAAGGTTGATGAAGAAAG) and ADP1/72+XhoI (CATGCTCGAGTTACTGGAGGGATCCAGTACTAATCTTTG) were used with D39V chromosomal DNA as a template. The construction was transformed into strain ADP21 and transformants (ADP42) were selected on Columbia blood agar containing 100 μg/ml spectinomycin. Correct deletion was verified by PCR and sequencing. ADP42 shows constitutive expression of lytB since it lacks the LacI repressor of the IPTG-inducible system. To control the expression of LytB, we then transformed the codon-optimized lacI gene into strain ADP42. For that, we PCR-ed the fragment with lacI integrated into the prs1/prsA-locus together with a gentamycin resistance cassette from chromosomal DNA of strain ADP95 (Moreno-Gámez et al. 2017) , using primers OLI40 (CCATGGCATCAGCGAGAAGGTGATAC) and OLI41 (GCGGCCGCAGGATAGAAAGGCGAGAG). CRISPRi library: to monitor the effect on competence of the downregulation of genes involved in the cell wall synthesis, the PCR product of the fragment PssbB-ssbB-luc-kan from strain MK134 (Slager et al. 2014 ) was transferred into the CRISPRi library of the indicated genes (Slager et al. 2014; Liu et al. 2017) . Transformants were selected on Columbia blood agar containing 250 μg/ml kanamycin. ADP305 strain: to test whether ATM and CLA induce competence in a strain with reduced susceptibility to beta-lactams, we have introduced a point mutation in the pbp2X (PBP2X T550A ), which increases the MIC to cefotaxime from 0.02 µg/ml to 0.65 µg/ml. To do so, we have overlap the PCR products obtained with primers: RS6/31 (CCGAATTGGACGATGCCAAG) and OVL1220 (CGTCAGCAATCTGAGCTCCACCAGACTTGAGGGCTAC), and with ADP4/5 (CAGTGCATGCCTTACATCAAATACAAAATTGCGAGG) and OVL1219 (GTAGCCCTCAAGTCTGGTGGAGCTCAGATTGCTGACG). Overlapped fragment was transformed into DLA3 (ΔbgaA::PssbB-luc). Transformants were selected on Columbia blood agar containing 0.1μg/ml cefotaxime. Correct construct was verified by PCR and sequencing. ADP308, ADP310 and ADP311 strains. HiBit construct was designed by fusing the C-terminus of the region of interest with the 11-amino acid HiBiT peptide using a 10-amino acid linker. The region of interest was the putative secretion signal (until the double glycine) of comC. The expression of these constructs was designed to be controlled by the comC promoter region. The construct (Gblock, IDTlab) was cloned in the pPEPZ plasmid and introduced in D39V strain resulting in ADP308 strain. The PEPZ plasmid integrates at the noncoding gene SPV_1735 under zip name (pPEPZ Integration Position). Transformants were selected on Columbia blood agar containing 100 μg/ml spectinomycin. PCR products of lytB::chl (from ADP21, described above) or comAB::ery were introduced to ADP308 resulting in strains ADP310 and ADP311, respectively. ADP312 strain. To confirm that HiBiT luminescence is due to the export of the peptide by ComAB rather than the release by cell lysis, we designed the
